This large shift in the exciton energy is attributed to a larger change of the exciton binding energy than the band-gap renormalization as the surrounding dielectric constant ε increases.
78.30.Na, 63.22.+m, 78.66.Tr After a decade of intense study, fluorescence was observed in single wall carbon nanotubes, where the key advancement was to isolate the tubes in surfactant micelles [1] . Shortly thereafter photoluminescence excitation (PLE) maps of the same system helped to identify the chiral index (n,m) of a tube by associating the characteristic distribution of the PLE resonances peaks ( S E 22 , S E 11 ) with predicted transition energies from tight binding theory [2] . The 11 E transition energies were higher than predicted and the ratio 7 . 1 / 11
22
≅ E E rather than 2. Theoretical work predicts that the Coulomb driven exchange interaction gives rise to a large increase of the band gap energy counteracted by a somewhat smaller exciton binding energy shift [3, 4] . The resulting energy levels are predicted to be higher [3] [4] [5] [6] [7] than those expected from tight binding calculations in accordance with PLE measurements [2] .
Recently, similar mappings of S E 22 vs. diameter were achieved for single wall nanotubes in surfactant solution using tunable resonant Raman scattering (RRS). In RRS the excitation wavelength is tuned through the optical absorption while monitoring the Stokes and Anti-Stokes scattering intensity of a Raman active mode.
The RRS measurements of carbon nanotubes in solution monitored the radial breathing mode (RBM) intensity, where the RBM frequency is inversely proportional to the tube diameter, yielding an optical transition energy vs. diameter map [8, 9] . The RRS data confirmed the PLE tube assignments and demonstrated that the measured by the two techniques are indeed the same within a maximum deviation of 35 meV [9] .
All of the atoms in a single-wall nanotube (SWNT) are external, and hence, optical transitions can be strongly influenced by the environment. For example, tubes dispersed with different cationic, anionic and nonionic surfactant molecules show variations in the optical resonances up to ~25 meV [10] . PLE from tubes suspended in air between pillars show a shift in S E 22 and S E 11 compared to tubes wrapped in surfactants [11] . Any comparison with theory of the intrinsic electronic properties of SWNT's requires probing of isolated and individual tubes unaffected by the environment. Our aim in this work is to probe the intrinsic optical properties of nanotubes by examining individual nanotubes suspended in air.
We investigate a series of individual SWNTs with different diameters and chiralities, is fitted using the time-dependent, third-order perturbation formulation for Raman scattering in a one dimensional (1D) system [14] . We can use either a delta function representing an exciton level, or the well known band-edge van Hove singularity density of states (DOS) for 1D. While both approaches produce a symmetric resonance profile, here we use the van Hove singularity DOS [15] to fit the Stokes REP to compare our results with earlier studies [8, 9] . In this case the Raman intensity as a function of excitation laser photon energy ) ( l E I can be written as [14] :
The broadening parameter η is added to account for the finite lifetimes of the the Stokes data well, but the calculated AS profile also matches the AS data with no adjustable parameters. This demonstrates that the nanotube remains at room temperature (300K), and that the resonance energy and broadening parameters can be determined accurately. RRS measurements of nanotubes in dry nitrogen atmosphere, before and after heating, exhibit the same resonance energy as nanotubes in air [16] .
Hence, we see no trace of water adsorbed on the nanotubes in air, probably due to the hydrophobic nature of graphite. Repeated measurements on the same nanotube on different occasions gave the same resonance energy within a few meV. A histogram of the broadening parameters η for all measured nanotubes is shown in Fig. 1d ). The minimum η value we observed is 8. In PL, absorption, intra-and inter-band phonon relaxation and emission rates all involve real states, where transition rates can be calculated using Fermi's golden rule [19] . On the other hand, resonance Raman scattering is described by third order time dependent perturbation theory with a three-step phase coherent quantum mechanical process resulting in scattered Raman signal. This process includes a virtual state and does not allow electron scattering between real states in either the incoming or outgoing resonance situation. Hence, there is no reason to expect the same broadening in these two cases. Since the observed branch has the same slope and same RBMs as the (9,4), (10, 2) and (11,0) tubes in the SDS family 22 branch [8, 9] , we assign the same (n,m) values to these SWNTs and conclude that nanotubes suspended in air have similar constants
A and B relating RBM ω and diameter as nanotubes in SDS solution [21] . shown together with an empirical extrapolation of expected metallic optical resonance positions for nanotubes in a micelle solution [22] .
In the following we argue that PLE ensemble measurement study on nanotubes suspended in air by Lefebvre et al [11] should have a different (n,m) assignment, where the new assignment yields energy shifts consistent with our findings. RRS maps of resonant nanotubes uses the RBM frequencies to anchor (n,m) assignment.
Assignments of PLE peaks to specific nanotubes require a large map for an unambiguous assignment [2] . For the PLE study of the suspended nanotubes in air, the 11 E , 22 E peaks were equated with the closest SDS peaks, which yielded an apparent average blue-shift of 11 E (~28 meV) and 22 E (~16 meV). will be screened to be smaller than the case in a low dielectric environment [24] . This exciton screening effect will push optical transition energies higher for a CNT in a higher dielectric environment.
On the other hand, screening of the ) (ε provides evidence of excitons and shows that a change in the external dielectric environment from ε =1 in air to higher ε in SDS solution will result in a larger change of the exciton binding energy than the change of the electron-self energy. 
